In this paper, a novel wireless transmission system is proposed. The system is composed of two cascaded subsystem: an inner filtered multitone (FMT) 
Introduction
Future mobile wireless systems are required to provide high data rate services. Multi-carrier transmission techniques, such as orthogonal frequency division multiplexing (OFDM) is proposed as the possible candidates for broadband transmissions. In the past two decades OFDM has been the dominant technology for multi-carrier communications over broadband wireless channels [1] - [2] . In frequency selective time invariant channels, OFDM offers a number of properties that make it the most attractive candidate for a variety of applications. In particular, the use of cyclic prefix (CP) make the OFDM system can take advantage of one tap per subchannel equalizer with less complexity. However, in time varying environments, the OFDM performance degrades [3] . It is sensitive to the frequency offsets, especially in orthogonal frequency division multiple access (OFDMA) scheme, which limits its application in asynchronous multi-user transmissions and in high mobility environments. Multi-carrier modulation techniques that are based on filter banks have recently been emphasized as an alternative to OFDM, e.g., [4] - [6] . Particularly, the FMT, one of a few variations of filter bank multi-carrier (FBMC) techniques, is reported that it can outperforms OFDM in fast fading channels [4] . FMT transmission is more robust to frequency offsets, but it requires more complicated equalization techniques at the receiver, so many methods are proposed to reduce the complexity of equalization, such as [7] [8], another way to reduce the complexity is to change some structure of FMT, such as DMT-FMT [9] . The idea of [9] is making use of attribute of that the FMT subcarrier channels are nonoverlapping. As a result each subcarrier channel may be treated independently and designed as an OFDM subsystem to simplify equalization. SCCP [10] system also known as Single-carrier Frequencydomain equalization (SCFDE) has similar structure and performance as OFDM. Especially, SCCP is preferred for the uplink transmission, because its transmit structure at mobile equipment is very simple. Moreover, the peak-to-average power ratio (PAPR) of transmit sequences of SCCP is much lower than OFDM, and thus the required dynamic range of power amplifier is smaller and the battery life time is longer than OFDM, therefore we can use it to concatenate with FMT to achieve the both capability of FMT resisting inter-carrier interference (ICI) and SCCP resisting inter-symbol interference (ISI). In this paper, we propose such a Cascaded SCCP-FMT system which has better performance than DMT-FMT, and it can also be used as asynchronous multi-user frequency division multiple access transmissions as DMT-FMT does.
The proposed Cascaded SCCP-FMT scheme is similar with DMT-FMT except the outer modulator, in this section, we describe the proposed transceiver architecture .
The transmitter
The transmitter ( Fig. 1(a) ) is composed of an inner FMT modulator and an outer SCCP subsystem.
We assume the transmitter is equipped with P antenna, and transmission over each antenna is   .The choice of the parameters is flexible [9] . For instance, with an ideal rootraised-cosine prototype pulse with roll-off 1  ,we can choose 
is then obtained by adding the frequency shifted versions of the M filtered outputs from the filters at the transmission rate of T .
The receiver
At the receiver end( Fig. 1(b) ), the receiving signal may suffer from ISI and ICI due to time and frequency dispersion of the propagation channel. Let's first assume the fading channel impulse response of pth transmit-qth receive antenna link is the channel time/frequency selectivity. But if the prototype pulse has a confined frequency response and the carrier frequency offsets are smaller than half the frequency guard [9] , the FMT subchannels do not overlap (despite the frequency shift) so that we do not get any ICI at the filter bank output. In this case that can be met with the appropriate system design.
But there is still ISI exist from the formulation of (4), it is worth note that in our design the number of FMT subchannels may not be large enough to obtain a subchannel bandwidth smaller than the coherence handwidth, so each inner subchannel does not exhibit a flat frequency response. If we do not use the outer SCCP subsystem, we need to accomplish data detection at this stage. Since there is ISI, subchannel space-time equalization is required [11] . However, for the particular transmit diversity scheme that we consider in this paper, simple one tap equalization is required. So after FMT demodulate is done, the symbols is send to SCCP subsystem to eliminate the residual ISI.
To proceed, we assume the channel is time-invariant over the duration of the prototype pulse 
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  is the prototype pulse autocorrelation and 
where
is the equivalent frequency domain response of channel. From (7) we can see the data symbol is weighted by an equivalent channel transfer function that is obtained by a transform of the fading channel responses of all antennas that we assume to be statistically independent. Therefore, each DFT output sees a single-input-single-output flat faded channel, i.e., the multiple transmit antenna system is transformed into a single transmit antenna system, where the spatial diversity translates into increased frequency diversity applying an 2 N -point DFT which is the effect of CDD. Then the ZF or MMSE equalization [12] can be used, and the equalized symbols transform back to time domain according IDFT, and final detection can be made. From the structure of the proposed SCCP-FMT system we can conclude that it has the same inner FMT subsystem with DMT-FMT system, therefore, SCCP-FMT have the same ability of avoiding ICI. Moreover, the FMT subchannels do not overlap, the SCCP-FMT system can be used in frequency division multiple access asynchronous system, with proper design the system has no multiple-access interference as DMT-FMT does [9] . We can also know that with outer SCCP subsystem, the SCCP-FMT system has lower complexity in transmitter than DMT-FMT for the operation of DFT, therefore it is more suitable for uplink multiple access asynchronous system.
Performance results and analyze
In this section, we evaluate and analyze the performance of the proposed cascaded SCCP-FMT system. We design the system with parameters as in Table 1 according to the foregoing analysis , and the prototype pulse for the FMT modulator has a root-raised cosine frequency response. Both flat and time/frequency selective fading are considered. We assume perfect knowledge of the channel and ideal time/frequency synchronization. We first considering the flat fading channel ,assuming the receiver have double receive diversity with ZF detection. Figure 2 shows the performance of SCCP-FMT in a Rayleigh flat fading channel. As the figure shows, the performance improvement as the number of transmit antennas increases is sensible. The gain comes from the use of cyclic delay diversity. CDD transforms a multiple-input single-output channel into an equivalent single-input single-output channel with increased frequencyselectivity, i.e., the spatial diversity translates into increased frequency diversity. Then SCCP subsystem catch the diversity gain. In Fig.3 we compare the performance of the proposed SCCP-FMT with DMT-FMT assuming two transmit-one receive antenna, the DMT-FMT system has the same system parameters as in Table 1 ,and DMT subsystem of DMT-FMT has 64 subcarriers. We evaluate two condition, in the first case, channel-1 is a tap-delay line channel model , and each path is independent and have an exponential It has been shown the SCCP-FMT system can outperform a DMT-FMT system. This is due to the fact that there is inherent pre-coding across the transmission bandwidth. In fact, we may view SCCP as precoded OFDM where the pre-coding is performed by the DFT. Therefore, the SCCP-FMT system can capture the diversity gain without direct sequence data spreading or channel coding and achieve better BER performance. 
Conclusion
In this paper, we propose a novel wireless transmission system which is composed of two cascaded subsystem, an inner filtered multitone modulator and an outer Single carrier cyclic prefix system with multiple antennas. Simulation results shows that, compared with the DMT-FMT system, the proposed SCCP-FMT system have better BER performance, and because the SCCP-FMT system has lower complexity in transmitter than DMT-FMT, and each subchannel of SCCP-FMT in frequency domain is not overlapped , as a result, it is very suitable for uplink multiple access system and can be a alternate candidate for broadband transmissions.
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